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ABSTRACT 


Aim: Study was conducted with artificial sweetener based syrups to be used in the preparation of Gulab jamun with an objective 
to get low calorie foods. 

Methods: The sweeteners used in the study were Stevia, Maltitol and Sucralose. For sugar free product the syrup concentra¬ 
tion was optimized using response surface methodology. A rotatable central composite design (CCRD) was applied on three 
controlled variables viz. Maltitol, Stevia and Sucralose. Sweetness, lingering sweetness, color, softness, and textural properties 
were evaluated by trained sensory panelists using combined methods Quantitative Descriptive Analysis. Texture and taste pro¬ 
file was done by Texture Profile Analyzer and Electronic Tongue respectively. 

Results: Threshold values for Stevia, Maltitol and Sucralose were 0.0027,1.78, and 0.005% respectively. The hardness of fresh 
Gulab jamun samples ranged from 1.8-3.86N. E-tounge graph shows the variance of 2DFA (DF1 and DF2) in which DF1 ranges 
from 89.61 -96.54% and DF2 ranged between 3.05-8.83%. 

Conclusion: All three responses were significantly (p <0.05) affected by the combinations of independent variable. The numeri¬ 
cal optimization suggested a proportion (% w/w) of maltitol: stevia: sucralose in 5.92:0.0325:0.0054 with high overall accept¬ 
ability. 

Keywords: Gulab jamun, Response surface methodology (RSM), central composite design, Sugar substitute, Quantitative Descrip¬ 
tive Analysis 


INTRODUCTION 

Sweets plays very important role in our society. Sweets which 
are made from sugar adds calorie intake of consumer. Addi¬ 
tional intake of sweets which are prepared from sugar causes 
diabetes, it also causes obesity and overweight. Obesity and 
overweight in people are associated with various risk fac¬ 
tors for cardiovascular disease [1,2]. People suffering from 
Diabetes are advised to restrict the use of sugars. To avoid 
these risks nowadays artificial or alternative sweeteners are 
in use. Use of these artificial sweeteners can help to maintain 
weight and normal blood glucose level [3], Sweeteners are 
not only providing flavor to foods but they can also used to 
preserve foods, provide body and texture, enhance other fla¬ 
vors and facilitate fermentation process. 


Stevia and Sucralose belongs to high intensity sweeteners 
which added in many food products like diabetic and dietetic 
baked products, confectionary and dairy based products. 
Storage studies of artificially sweetened lassi with binary 
sweeteners found beneficial to consumer choices for low 
calorie products [4, 5]. Use of low calorie sweeteners in vari¬ 
ous products sometimes reduces costs and enhances product 
taste and stability. Polyols/bulk sweeteners can be used alone 
or with the combination of artificial sweeteners [6]. A large 
number of sweeteners available, each one can be used in the 
situations they are best suited for [7]. Sensory analysis could 
be an important tool in product development. Sensory analy¬ 
sis is an effective way to give accurate quality assessment, 
but it is also have limitation by various factors such as taste 
saturation and sweetness differences if any sample has very 
minute changes. So it is an urgent problem to find a rapid, 
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simple, credible way to determine the sweetness differences 
among samples [8]. To overcome the above problem Elec¬ 
tronic tongue (E-tongue) used, it is a mimic of human taste 
device and have been fruitfully applied to discriminating dif¬ 
ferent beers, milk [9, 10], fruit juices [9-13], Keeping sig¬ 
nificance of these sweeteners in mind, this present work was 
done to check the texture and overall acceptability of prod¬ 
ucts with blend of sweeteners in Gulab jamun. It is a tradi¬ 
tional food prepared by a mixture of khoa and refined wheat 
flour with baking powder. Response Surface Methodology 
(RSM) was found to the most effective tool for optimization 
process and to understand the interaction of various variables 
and find the optimum concentration of components that af¬ 
fects the responses. 

MATERIALS AND METHODS 

Materials 

Maltitol and Sucralose food grade sample was procured from 
laboratory of CFTRI, Mysore, Stevia food grade sample was 
procured from Stevia World Agrotech Pvt, Ltd. Bangalore, 
Gulab jamun mix of MTR Bangalore, palm oil purchased 
from local market. 

Threshold measurements 

Threshold test for the sugar and intense sweeteners were 
conducted as per the method IS: 5126[14], This arithmetic 
series was ranges from 0.1 to .6% for sugar was prepared and 
tasted by trained panelists. The arithmetic series for sweeten¬ 
ers were ranges from Maltitol (0.15 to 0.9%) Stevia (0.005 to 
0.03%) and Sucralose (0.0025 to 0.0125%). 

Time-Intensity 

This test was performed according to method of Patil et al. 
[15]. A known concentration of sweeteners were taken for 
the preparation of syrup solution and presented this set to 
trained panelists. The panelists were asked to mark the inten¬ 
sity of the perceived sensation on the score card. 

Preparation of syrup and Gulab jamun 

Sugar syrup was prepared by dissolving lOOg sugar in 50 
mL of water and then boiled for 5 minutes on medium heat. 
Optimization of Maltitol syrup, Stevia, and Sucralose as the 
blend for the preparation of low calorie syrup than sugar 
syrup are given below in table 1. Weighed the given amount 
of sweetener in which added 5 ml of water and dissolved 
properly. Thus for the preparation of syrup all the sweeten¬ 
ers increased 10 times and dissolved in 30 mL of water and 
boiled for 4-5 minutes on medium heat, and concentration 
should be 55°B [6], 


Gulab jamun mix 

\ 

Addition of water (50 ml/100 gm of mix) 

1 

Dough making 

1 

Making of balls 

1 

Frying of balls in palm oil (at 165°C/10min) 

1 

Soaking of balls in sugar syrup (55°B concentration at 
60-70°C/lhr) 

1 

Gulab jamun 

Rheological properties of syrup 

Rheological properties of the syrup made by different type 
of sweeteners were measured by using a Rheaometer (MCR 
52, Anton Paar Graz, Australia). For rheological measure¬ 
ment used Measuring plate of PP75 with Rotational tests at 
controlled shear rate (CSR). All rheological measurements 
were conducted to duplicate samples [0-200 shear rate (1/s)]. 

Electronic Tongue analysis of syrup 

Electronic Tongue (Auto-sampler, Model: ASTREE, a- 
M.O.S, Toulose, France) was used for analysis of the syrups 
to get the pattern matching of sweetness among them. Ac¬ 
quisition Delay 0.0(s); Acquisition time 120(s); Acquisition 
period 1.0(s); and Stirring rate 1.0 were used for analysis. 

Texture analysis of Gulab jamun 

The texture properties of the Gulab jamun prepared with dif¬ 
ferent syrup was measured by force in compression using 
a Texture Analyzer (Model:TA-HDi Texture Analyzer). For 
the textural analysis 50 mm dia. cylinder aluminum probe 
was used. The load cell was 50 kg and the crosshead speed 
was lOmm/min. the peak force which is required to com¬ 
press Gulab jamun was recorded in Newton’s (N). 

Sensory analysis 

Sensory analysis should be carried out in the sensory booth 
room consisted of individual booths equipped with fluores¬ 
cent lights, temperature maintained at 25±2°C, and free from 
noise and odor built as per the standard conditions accord¬ 
ing to ASTM 1996[16]. The selected panel consisted of 10 
judges from Sensory Science department who regularly par¬ 
ticipated in sensory analysis studies. 
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Method of scaling 

For sensory analysis of product Quantitative descriptive 
analysis (QDA) method of intensity scaling was followed 
[17]. This score card consisted of 15 cm QDA scale where 
in 1.25 cm was showed detection threshold and 13.75 cm 
saturation threshold. Panel members were asked to mark the 
perceived intensity of the attribute by drawing a line on the 
scale. 

Statistical analysis and Experimental design 

All experiments were conducted in triplicate and the mean 
were reported. Discriminant function analysis (DFA), opti¬ 
mization design (response surface methodology), generation 
of response surfaces were created by using statistical soft¬ 
ware SPSS for identifying attributes causing affect among 
the samples. 

Central composite design 

The central composite rotatable design (CCRD), Design 
Expert version 7.0.0 Stat-Ease, USA was used in designing 
the experiments. Twenty experiments were carried out ac¬ 
cording to design with 3 factors 5 levels for each variable. 
Five levels of variables were applied to study the responses 
pattern viz., Gulab jamun juiciness, lingering sweetness and 
overall acceptability on QDA scale. A rotatable central com¬ 
posite design was applied to optimize the syrup formulation 
(Table 4). The independent variables that were optimized 
are: Maltitol (X,), Stevia (X 2 ) and Sucralose (X 3 ) (Table 3). 
Levels of these 3 independent variables were selected on the 
basis of laboratory trials. The effect of all three independent 
variables on juiciness, lingering sweetness and overall ac¬ 
ceptability were investigated using central composite rotat¬ 
able design. 

rt = Pm + i Ph*i + i + Z i PhjXi'j fn T') 

1=1 7=1 7=1 j*4+l 

Y r Po + P, x , + p2 x 2+ P 3 X 3 + P„ X 1 2 + P 2 2 X 2 2+ P 3 3 X 3 2 + Pl2 X I X 2 + 

P 23 X 2 X 3 + P 13 x 1 x 3 (Eq.2) 

The predicted values were obtained from the regression 
equation and analyzed for coefficient of determination (R 2 ), 
standard error. Analysis of the coefficients of regression 
models was carried out using analysis of variance (ANO- 
VA) technique to know the significance of each coefficient. 
The lack of fit was also calculated. Response surface plots 
were developed using second order polynomial models for 
all responses keeping the two processing variables at centre 
point. A second-order polynomial equation was used to fit 
the experimental data given in Table 4. Different constraints 
were set for independent and dependent variables along with 
their relative importance (Table 7). Optimization of the fitted 
polynomials was done using a desirability function [18]. The 
optimum condition was verified by conducting experiments 



at predicted values of variables. Responses were monitored 
and results were compared with model predictions. 

RESULTS 

Threshold measurements 

The psychometric study showed that the threshold values for 
Stevia, Maltitol and Sucralose was 0.0027,1.78, and 0.005% 
respectively. 

Time- intensity profile of Gulab jamun Syrup 

Time intensity tests are conducted to recognize the persis¬ 
tence rates of the samples in mouth. Persistence is explained 
by localized increase in the stimulus concentration in the 
receptor environment resulting from the ionic surface of 
proteins in the taste cell membrane [15]. Generally the taste 
intensity of the compound decreases with time. A 10 second 
time interval 

Rheological properties of syrup 

The effects of concentration of sweeteners on rheological 
properties of syrups are shown in Table 1. There is a signifi¬ 
cant difference in viscosity of syrups at different concentra¬ 
tion of sweeteners .The viscosity of syrup of Gulab jamun 
was analyzed through 0-200s* shear rate. There was gradual 
decrease with viscosity of all the syrup samples showed with 
increased shear rate. 

Electronic Tongue Analysis 

The intensity of sweetness of blend syrup was done by using 
of e-tongue. Y-axis indicated the voltage difference between 
the sensor and the reference electrode, and X-axis showed 
measurement time. DFA pattern showed in the Figure 2 indi¬ 
cates that all samples were different with respect their taste 
profile as indicated by the clusters formed. The following 
graph shows the variance of 2DFA (DF1 and DF2) in which 
DF1 ranges from 89.61-96.54% and DF2 ranged between 
3.05-8.83%. It is observed that the distance between all the 
samples are more thus indicating different taste properties. 

Texture Analysis of the Gulab jamun 

Texture measurements of all the samples were performed in 
three replicates and average values were reported with their 
means and relative standard deviation. Table 2 shows the re¬ 
sults obtained. Hardness is the measure of stress required to 
deform a material. It is the peak force (N) of the first com¬ 
pression of the sample. The hardness values of fresh Gulab 
jamun samples ranged from 1.84-3.86N. 

Sensory analysis of Gulab jamun 

The Gulab jamun samples were analyzed for sensory quality 
in terms of color; syrup sweetness; textural attributes such as 
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softness, mealiness, juiciness and chewiness. Milky aroma 
and lingering sweetness which is typical of intense sweet¬ 
ness were recorded and based on these impact making at¬ 
tributes the overall quality was assessed. Syrup penetration 
was found to be adequate in all the blend syrup without any 
separate core in the centre, but it was the least in Gulab ja¬ 
mun which was prepared with blend 7. Similar trends were 
observed in juiciness of the samples. Gulab jamun prepared 
with blend 12 had more lingering sweetness than others. 

Response surface methodology 

The effect of Maltitol, Stevia and Sucralose on juiciness, 
lingering sweetness and overall acceptability of Gulab ja¬ 
mun are shown in Table 4. The independent and dependent 
variables were fitted to the second order model equation and 
evaluated for the goodness of fit. The lack of fit is a measure 
of the failure of a model to represent data in the experimental 
domain at which parts were not included in the regression 
[19]. 

Effect on juiciness of Gulab jamun 

Response surface plot showing the effects of Maltitol, Stevia 
and Sucralose on the Gulab jamun juiciness are presented 
in Figure 4A-C. It was observed from ANOVA data that the 
model was significant (p <0.05) and lack of fit was not sig¬ 
nificant (Table 5). Test on individual parameters depicts that 
the juiciness of Gulab jamun was significantly (p<0.05) in¬ 
fluenced only by the linear term of Maltitol and all the three 
quadratic terms, Interaction tenns except (X *X ) were not 
significant (p>0.05) to affect the juiciness within the experi¬ 
mental domain (Table 5). Coefficient of determination, R 2 
was 0.9301 suggesting 93.01% of the variability in the data 
was explained by the model. Therefore, model was adequate 
to predict the response and interpret the effect of variables 
on the response. Effects of the independent variables on the 
juiciness of Gulab jamun were characterized by the response 
surface and contours (Fig.4A-C). The equation of the model 
fitted for juiciness of Gulab jamun in the actual form of pro¬ 
cess variables is 

Y 1 =2.89-0.21X 1 +0.025X 2 -0.043X 3 +0.052X 1 2 +0.018X 2 2 - 
0.0025X 3 2 +0.030X 1 X 2 0.016X 2 X 3 +0.6l3X 1 X 3 (Eq.3) 

Effect on Lingering sweetness 

The regression equation for lingering sweetness of Gulab ja¬ 
mun was determined in terms of coded variables as Eq.4. An 
ANOVA result for quadratic models of lingering sweetness 
is given in Table 2. Acceptable coefficient of determination 
value (R 2 = 0.9485 suggesting 94.85%) was obtained for sig¬ 
nificant model of sweetness with not significant lack-of-fit 
variation. Linear terms of Maltitol, and Stevia and interac¬ 
tion coefficients of same variables Xj*X, had significant 
(p< 0.05) effects on the lingering sweetness of Gulab jamun. 


ANOVA also showed that there was a non-significant (p< 
0.1513) lack of fit which further validates the model. The 3D 
response plot (Fig. 5A-C) is the graphical representation of 
the regression equations from where the values of responses 
can be predicted with respect to the variable factors. The 
equation of the model fitted for lingering sweetness is 

Y 2 = 1.31-0.013X+0.065X 2 +1.847E-003 X,X 2 (Eq.4) 

Effect on Overall acceptability 

The effects of sweeteners on the overall acceptability among 
consumers of Gulab jamun are represented by the response 
surface plots (Fig. 6A-C). The value of R 2 is 96.92%, indi¬ 
cates that 3.08% of the total variation was not explained by 
the model. The value of adjusted determination coefficient 
(Adjusted R 2 =94.14%) was high to advocate a high signifi¬ 
cance of the model and indicated that second order terms 
were sufficient and higher order terms were not necessary. 
The magnitude of p-value (Table 6 ) indicates that the effect 
of all interaction terms, two linear (X 2 and X 3 ) and one quad¬ 
ratic (X 3 2 ) have significant effect at 5% level of significance 
(p <0.05) on overall acceptability while others are non-sig¬ 
nificant. ANOVA data showed that model is significant and 
lack of fit (value, 0.0028) is not significant (Table 5). Overall 
acceptability scores varied between 8.1 -11.5. The second- 
order polynomial equation takes the following form. 

Y 3 =3.36-0.013X 1 -0.067X,-0.0.059X 3 -0.16X 1 2 -0.0663X 2 2 - 
O.OSIXZ+O.OISX^-O.OSSX, X +0.0043 X, X 3 (Eq.5) 

DISCUSSIONS 

Time- intensity profile of Gulab jamun Syrup 

A10 second time interval was followed and results were giv¬ 
en in Fig. 1. After swallowing syrup intensity was higher and 
then a clear decline in the values of the sweetener (syrup) 
intensity was observed as the time increased. Souza et al. 
[20] had found the similar results of jam with the addition of 
sucrose and jams sweetened with different sweeteners. Ac¬ 
cording to Cliff et al. [21] sweeteners leave an aftertaste in 
the mouth; a bitter, residual taste, as well as other unwanted 
characteristics, thus different behaviors of sweeteners com¬ 
pared with sucrose with respect to bitterness were expected 

Rheological properties of syrup 

Table.l showed the viscosity change at different shear rates. 
The gradual decreasing of viscosity with increasing shear 
rate indicated that all samples belong to non-Newtonian flu¬ 
id; exhibiting shears thinning liquid properties. Following ta¬ 
ble showed that Blend 10 has the highest viscosity, followed 
by blend 5 and Blend 7. Maltitol shows significant and posi¬ 
tive effect on the apparent viscosity of blends. Chethana et 
al. [22] had found the rheograms comprising shear stress and 
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shear rate for different trials show non-Newtonian shear thin¬ 
ning behavior excepting for sorbitol and sucrose solutions. 

Electronic Tongue Analysis 

All the samples segregated from each other with the level 
of sweetness as shown in Figure 2. Sample II and III show 
smaller distances thus indicate lesser variance between the 
taste properties. Jack and Melissa [23] assessed the feasibil¬ 
ity of taste making and compared the taste intensity during 
formulation development using a multichannel taste sensor 
system. Taste-making efficiency was evaluated using quinine 
as a bitter model compound as a sweetener, Acesulfame-K, 
as a bitterness inhibitor. 

Texture Analysis of the Gulab jamun 

Maximum hardness was observed in Gulab jamun samples 
dipped with Blend 10.While minimum hardness was ob¬ 
served in Gulab jamun sample treated with Blend 9 with a 
value of 1.84N. The softness depends on the absorption of 
syrup, higher the absorption higher will be the softness. Rao 
et al. [24] also reported similar results that a high syrup con¬ 
centration decreased the volume expansion and increased the 
hardness of Gulab jamun. Chetana et al. [6] found similar 
trends that lower concentrations of the syrup (45°B), there is 
increased syrup penetration due to the lower viscosity of the 
syrup and the resulting product was softer. 

Sensory analysis of Gulab jamun 

Overall quality of all samples was very good. But the results 
indicate that optimum concentration of sweeteners lie at the 
midpoint of the range of variables involved as shown Figure 
3. Sweetness perception of Gulab jamun was the highest in 
blend 9 followed by blend 10. Souza et al. [20] determine the 
equivalent amount of Sucralose and Acesulfame-K essential 
to endorse the same degree of ideal sweetness in mixed fruit 
jam and to characterize the time-intensity profile and con¬ 
sumer acceptance. 

Effect of sweeteners on juiciness, sweetness, 
and overall acceptability of Gulab jamun 

Response surface plots showed the magnitude of [3 coeffi¬ 
cients revealed that the linear term of maltitol have the maxi¬ 
mum negative effect (p= -0.215) where as interaction term 
of maltitol and stevia have maximum positive effect on juici¬ 
ness of Gulab jamun. 

The magnitude of P coefficients (Table 6) revealed that the 
interaction term of maltitol and stevia have the maximum 
negative effect followed by linear term of maltitol content 
whereas linear tenn of stevia has positive effect on linger¬ 
ing sweetness of Gulab jamun, which indicates that with in¬ 
crease of maltitol content, there will be decrease in lingering 
sweetness of Gulab jamun and vice versa with stevia. 



From the response surfaces and contour plots it is clear that 
overall acceptability value showed positive effect with in¬ 
teraction of Maltitol: Stevia and Maltitol: Sucralose con¬ 
tent. It is clear from the response surfaces and contour Plots 
(Fig.5A-C) that with increase in Maltitol, Stevia and Su¬ 
cralose over all acceptability increased up to some values 
and lurther decreased showing that optimum amount of all 
three factors is acceptable in product. Acosta et al. [25] had 
worked on tropical mixed fruit jelly to see the effect of three 
factors or ingredients and they found that sweetener and pec¬ 
tin were non-significant for overall acceptability. The higher 
values of R 2 prove the applicability of proposed model with 
greater accuracy to study the effect of preparation conditions 
on the acceptability of the blends. 

Optimum concentration 

Optimization was done by using a multiple response meth¬ 
od called desirability. The optimum concentration was de¬ 
termined by superimposing the contour plots of all the re¬ 
sponses and finding the region where amount of sweetener s 
were ‘near’ optimal for all the responses [26]. Based on the 
results, it can be asserted that the Gulab jamun production 
was dependent on the interaction of the different factors. The 
predicted values of the responses under optimum condition 
of concentration are juiciness 8.39, lingering sweetness 1.52, 
and overall acceptability score 11.25, respectively (Fig.7). 
The calculated desirability for this fonnulation was 0.833. 
This set of concentration was determined to be optimum by 
the RSM optimization approach and was used to validate ex¬ 
perimentally. The experimental values, mean of three trials 
(Table 8) were found to be in close agreement with the pre¬ 
dicted values and were within the acceptable limits showed 
the adequacy of selected models. 

CONCLUSIONS 

RSM was successfully applied to assess and model effects of 
three levels of three ingredients (Maltitol, Stevia and Sucra¬ 
lose) on the overall acceptability of product. In the prepara¬ 
tion of Gulab jamun syrup has great effect on the texture 
and overall acceptability. For the optimization of sweeteners 
used for preparation syrup Response Surface methodology 
was found to the best tool. Thus Gulab jamun can be pre¬ 
pared without sugar keeping desirable quality par require¬ 
ment. 
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Appendix-I 

Table i: Viscosity values of syrup sample at different shear rate 


Blend 

1 

50 

Shear rate (x 10 3 s 1 ) 

100 

150 

200 

Blendi 

83510.0032'® 

43.6io.ooo3 dc 

34.610.0002“ 

33.510.0002“® 

30.910.0001 a “ 

Blench 

80910.0010'° 

37.910.oo33 bc 

30.810.0004“ 

28.HO.0002^ 

26.2i0.0001 abA 

Blend 3 

83210.0012 deE 

41.no.0002 cD 

32.8i0.0003 dC 

29.2+0.0002 dB 

25.9+0.0002 a “ 

Blend 4 

794lo.oo50 bA 

38.610.0002“ 

29.110.0004“ 

27.210.0002“ 

25.310. oooi abA 

Blend 5 

87210.003'° 

61.3+0.ooo3 gC 

51.110.0002“ 

48.510.0001“ 

46.6io.ooo3 a “ 

Blend 6 

84310.0020 ghD 

62.1i0.0003 gbC 

52.910.0002 mB 

49.510.0001'“ 

48.410.0002“ 
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Blend 7 

86310.0017® 

62.110.0002 ghD 

52.3+0.0002® 

49.no.0002® 

47.410.0002°®* 

Blend 8 

84510.0015'® 

70.810.0002'° 

62.210.0003® 

60.2+0.0002°® 

58.310.0003°®* 

Blend 9 

72810.003i aD 

26.010.0003® 

15.7i0.0001 3 ® 

12.610.0002°* 

11.310.0002°* 

Blend 10 

99610.0036®° 

99.oio.ooo3 kc 

94.910.0005°® 

88.510.0002°* 

87.no.ooo2 ab * 

Blend 11 

799+0.0025 bD 

53.610.0002® 

45-2±0.0002 hB 

42.710. ooo3 gh * 

4i.8lo.ooo2 ab * 

Blend 12 

84310.0020 ghD 

52.810.0004® 

44.310.0002 g ® 

41.710.0004'* 

40.310.0002 ab * 

Blend 13 

85910.0085® 

59510.0004® 

48.510.0002'* 

46.210.0002°* 

43.910.0002 ab * 

Blend 14 

827IO.0032 dD 

61.810.0003 gC 

49.410.0002'® 

47.110.0003'*® 

44.910.0002 ab * 

Blend 15 

84410.0012 hC 

63.710.0004® 

43.110.0002'* 

42.410.0003®* 

42.010.0006°®* 

Blend 16 

83810.ooi5 fgC 

63.6io.0004 11 ® 

43.110.0003®* 

42.610.0002®* 

42.410.0004°®* 

Blend 17 

83710. ooi5 fgC 

63.510.0004®® 

43.110.0003®* 

42.810.0002®* 

42.510.0004°®* 

Blend 18 

83810.ooi5 fgC 

63.510.0004®® 

43.210.0003'* 

42.710.0002' 1 * 

42.510.0004°®* 

Blend 19 

83610.ooi5 fgC 

63.410.0004®® 

43.010.0003®* 

42.810.0002®* 

42.410.0004°®* 

Blend 20 

83710. ooi5 fgC 

63.610.0004®® 

43.110.0003®* 

42.810.0002®* 

42.410.0004°®* 


All values are means± standard deviations of data from three independent experiments (n=3). Different superscripts (a-o) with in 
row and (A-E) in the same column indicate significant difference at P <0.05. 


Table 2: Texture analysis of Gulab jamun 


S. No. 


Samples 



Force (N) 


1 


Blend 1 



2.8610.01 


2 


Blend 2 



2.71±0.01 


3 


Blend 3 



2 . 54 ±o.o 4 


4 


Blend 4 



2.7310.06 


5 


Blend 5 



3.5610.09 


6 


Blend 6 



3.5210.17 


7 


Blend 7 



3.6710.12 


8 


Blend 8 



3 - 53 ±01 5 


9 


Blend 9 



1.8410.14 


10 


Blend 10 



3.8610.07 


11 


Blend 11 



3.io±o.o3 


12 


Blend r2 



3.oi±o.oi 


13 


Blend 13 



3.2610.15 


14 


Blend 14 



3.24±o.io 


15 


Blend 15 



3.0610.11 


16 


Blend 16 



3.12±0.11 


17 


Blend 17 



3.12±0.11 


18 


Blend 18 



3.ii±o.n 


19 


Blend 19 



3.12±0.10 


20 


Blend 20 



3.i3±o.ii 


Hardness of the product are 

presented as mean l standard deviation 





Table 3: Coded and decoded levels of independent variables used 

in the RSM design. 


Independent variables 

Symbols 

-1.682 

-1 

O 

1 

1.682 

Maltitol 

X 

1 

2.64 

4 

6 

8 

9.36 

Stevia 

X 

2 

0.0172 

0.0325 

0.055 

0.0775 

0.093 

Sucralose 

X 

3 

0.00172 

0.00325 

0.0055 

0.00775 

0.0093 



n 
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Table 4: Central composite arrangement for independent variables X i (Maltitol, g) 
lose, g) and their responses (Gulab jamun juiciness, Lingering Sweetness, OAA). 

X 2 (Stevia, g) 

, X ? (Sucra- 

Runs 

X (Maltitol) 

Variables (Uncoded) 

X(Stevia) 

X 3 (Sucralose) 

Gulab jamun 
juiciness 

Responses 

Lingering 

Sweetness 

OAA 

1 

-1(4) 

-1(0.0325) 

-1(0.00325) 

9.86 

1.46 

9-79 

2 

1(8) 

-1(0.0325) 

-1(0.00325) 

7.28 

i -4 

9-43 

3 

-1(4) 

1(0.0775) 

-1(0.00325) 

10.2 

1.78 

9-35 

4 

1(8) 

1(0.0775) 

-1(0.00325) 

8.18 

1.71 

9.82 

5 

-1(4) 

-1(0.0325) 

1(0.00775) 

9-43 

1.48 

9.67 

6 

1(8) 

-1(0.0325) 

1(0.00775) 

7.12 

i -37 

9.81 

7 

-1(4) 

1(0.0775) 

1(0.00775) 

9-3 

1.83 

8.22 

8 

1(8) 

1(0.0775) 

1(0.00775) 

7-73 

i -75 

8.40 

9 

-1.68(2.64) 

0(0.055) 

0(0.0055) 

12.4 

1.68 

8.96 

IO 

1.68(9.36) 

0(0.055) 

0(0.0055) 

6.96 

1.6l 

8.11 

11 

0(6) 

-1.68(0.0172) 

0(0.0055) 

8.84 

1.42 

10.89 

12 

0(6) 

1.68(0.093) 

0(0.0055) 

8.96 

1.96 

9.27 

13 

0(6) 

0(0.055) 

-1.68(0.00172) 

9.03 

1.6 

10.60 

14 

0(6) 

0(0.055) 

1.68(0.0093) 

8.1 

1.71 

9.04 

15 

0(6) 

0(0.055) 

0(0.0055) 

8.94 

1.68 

11.20 

16 

0(6) 

0(0.055) 

0(0.0055) 

8.18 

1.77 

11.20 

17 

0(6) 

0(0.055) 

0(0.0055) 

8.27 

1.68 

II.23 

18 

0(6) 

0(0.055) 

0(0.0055) 

8.33 

i -7 

11.48 

19 

0(6) 

0(0.055) 

0(0.0055) 

8.16 

1.68 

10.96 

20 

0(6) 

0(0.055) 

0(0.0055) 

8.27 

i -73 

11.46 


Table 5: Analysis of variance (ANOVA) data for the responses 


Source of variations 

Df 

Gulab jamun juiciness 
Mean square F 

Lingering Sweetness 

Mean square F 

OAA 

Mean square 

F 

Regression 

9 

0.080 

14.80 

0.007 

20.46 

0.064 

34-93 

Linear 

3 

0.664 

123.29 

0.061 

169.14 

0.11 

60.00 

Square 

3 

O.O44 

8.14 

0.006 

16.93 

0.50 

273.64 

Interaction 

3 

0.011 

1.97 

0.004 

0.79 

0.03 

16.28 

Lack of Fit 

5 

0.008 

3-33 

0.0005 

2.68 

0.0028 

3-37 

Pure error 

5 

0.002 


0.0002 


0.0008 


Total 

19 

0.809 


0.0787 


0.708 


R2 (%) 


93.01 


94.85 


96.92 


R2 (adj) (%) 


86.73 


90.21 


94.14 



Table 6: Regression coefficients for second-order polynomial equation representing the relationship be- 


tween the 

responses and process variables. 






Gulab jamun juiciness 

Lingering Sweetness 

OAA 



Coefficient p value 

Coefficient 

p value 

Coefficient 

p value 

Variables 

2.893 0.0001 

1.3071 

< 0.0001 

3-355 

< 0.0001 

X 

-0.215 < 0.0001 

-0.0127 

0.0329 

-0.013 

0.2969 
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X 

2 

0.025 

0.2382 

0.0651 

< 0.0001 

-0.067 

0.0002 

X 

3 

-0.043 

0.0545 

0.0074 

0.1794 

-0.059 

O.OOO5 

X 2 

l 

0.030 

O.2717 

0.0018 

0.7887 

0.018 

0.2677 

X 2 

2 

0.013 

0.6278 

-0.0030 

0.6591 

0.004 

0.7802 

X 2 

3 

-0.016 

0.5607 

0.0048 

0.4916 

-0.058 

O.OO32 

X X 

1 2 

0.052 

0.0225 

-0.0137 

0.0206 

-0.155 

< 0.0001 

X X 

2 3 

0.018 

0.3747 

-0.0090 

0.1015 

-0.066 

0.0002 

X X 

1 3 

-0.002 

O.9OI4 

-0.0124 

0.0327 

-0.081 

< 0.0001 

Table 7: Constraints Set for the Optimization 

Variables 


Goal 



Limits 

Importance 

Maltitol (g) 


is in range 



4.00-8.00 

3 

Stevia (g) 


is in range 



0 . 0325 - 0.0775 

3 

Sucralose (g) 


is in range 


0.00325-0.00775 

3 

Juiciness 


is in range 



8.00-12.4 

3 

Lingering sweetness 


minimize 



1.37-1.96 

3 

Overall acceptability (OAA) 

Maximize 



9.00-11.48 

5 


Table 8: Predicted and experimental values of responses for Gulab jamun using optimum process parameters 


Responses variables 




Values 

Gulab jamun Juiciness 

Lingering sweetness 

OAA 

Desirability 

Predicted 

8.391 

1.521 

11.246 


Experimented 

8-397±o.o2i 

i.5±o.oi 

11.31610.025 

0.833 



Int J Cur Res Rev | Vol 9 • Issue 21 • November 2017 L 













